This study aimed to examine the control of cardiovascular risk factors among the ethnic groups with type 2 diabetes in Malaysia. The authors analyzed the data of 70 092 adults from the Malaysian diabetes registry database. Malays had the worst achievement of target for most of the risk factors. Indians had poor achievement of control for waist circumference (odds ratio [OR] = 0.6, 95% confidence interval [CI] = 0.6-0.7) and high-density lipoprotein cholesterol (OR = 0.5, 95% CI = 0.4-0.5). As compared with the Malays, the Chinese had a better achievement of target control for the risk factors, including the following: body mass index (OR = 1.3, 95% CI = 1.2-1.4), blood pressure (OR = 1.3, 95% CI = 1.3-1.4), total cholesterol (OR = 1.7, 95% CI = 1.6-1.8), low-density lipoprotein cholesterol (OR = 1.7, 95% CI = 1.6-1.8), glycated hemoglobin A 1c (OR = 1.4, 95% CI = 1.3-1.4) and fasting blood glucose (OR = 1.4, 95% CI = 1.3-1.5). Ethnicity, sociocultural factors, and psychobehavioral factors should be addressed in designing and management strategies for the control of cardiovascular risk factors among type 2 diabetes patients.
Introduction
Diabetes mellitus is one of the most common noncommunicable or chronic diseases with growing incidence worldwide including Malaysia. [1] [2] [3] It constitutes a major risk factor for cardiovascular mortality and morbidity. 4 Other risk factors such as obesity, hyperlipidemia, and hypertension, which are commonly associated with diabetes, may further aggravate the risk of cardiovascular diseases. 5 In Western countries, ethnicity was found to affect cardiovascular morbidity and mortality. 6, 7 Among Asian populations, a study done in Singapore found that when Asian Indians develop diabetes mellitus, the risk of ischemic heart disease (IHD) is higher than in Chinese and Malays. 8 The mechanism of these ethnic differences in cardiovascular morbidity and mortality among individuals with diabetes mellitus is unclear. It could be a consequence of differences in the other risk factors of cardiovascular disease in the various ethnic groups. Alternatively, genetic factors could have modified the risk of cardiovascular disease associated with diabetes mellitus in some ethnic groups. Most of the current body of evidence shows that ethnicity is more of a surrogate determinant in the complex sociocultural background of the diabetic patient. 9, 10 Malaysia has a multiethnic population, of which Malays form the majority, constituting 50.4% of the population. 11 Malaysia has the second-largest Malay population in the world after Indonesia. Other major ethnic groups in Malaysia are Chinese and Asian Indians, who constitute about 26% and 7.1% of the total population, respectively. The total population of Malaysia was estimated at 23.27 million in the 2000 National Population Census. 11 The Third Malaysian National Health and Morbidity Survey in 2006 found differences among the ethnic groups in the prevalence of cardiovascular risk factors such as obesity, hypertension, and hyperlipidemia. 2 However, there were limited studies on the influence of ethnicity on the control of these risk factors among diabetic patients in primary care setting. Understanding ethnic differences in the control of cardiovascular risks factors among diabetic patients in primary care may help the medical personnel be more patient centered and relevant in terms of providing counseling, advising screening, redistributing campaign exercises, and managing these risk factors. Therefore, this study was conducted by the Diabetes Registry Malaysia to examine the differences in cardiovascular risk factors control between the three major ethnic groups in West Malaysia.
Methods
This study was approved by the Medical Research Ethics Committee, Ministry of Health, Malaysia.The data were retrieved from the Malaysian diabetes registry database, The Adult Diabetes Control and Management (ADCM), which is an online registry database. 12 This registry has its main source data providers from 289 government primary health care clinics and14 district hospitals of 9 out of 14 states of Malaysia.
Data Collection
A standard paper case report format was used for data collection by site data providers. Data were collected from the patients' diabetes record in the respective health care facilities and entered at point of care onto an online standard case record form made available in the ADCM website by the attending physicians and paramedics who were trained prior for this data entry.
All diabetes patients aged 18 years and older were included in this study. Other demographic data, diabetes duration, type of diabetes, weight, height, blood pressure (BP), treatment modalities, as well as various risk factors and diabetes complications were reported and updated as when changes occurred or information available. Results of laboratory assessments and clinical examination were accepted only if they were performed within 12 months from data collection. Laboratory data collected included measurements of fasting blood glucose (FBG) or random blood glucose (RBG), glycated hemoglobin A 1c (HbA 1c ), serum creatinine, albuminuria, microalbuminuria, fasting plasma level of total cholesterol (Total-C), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglyceride (TG). Whereas results of FBG and RBG were from within the previous 3 months, results of fasting lipid profile and HbA 1c were taken within the past 1 year. This is because most primary health clinics were only able to perform the test annually, owing to the limitation of resources available and recommendation by the local clinical practice guideline on yearly monitoring of lipid profile. 13 Current diabetes treatment was classified into diet and/or exercise only or one or more forms of medication. If any data were not available, data field was left as missing. The methodology of this project has been described previously. 14, 15 
Definitions
Patients with diabetes were defined as when their case record fulfilled the following criteria: (1) with documented diagnosis of diabetes mellitus according to the World Health Organization criteria or (2) current treatment consisted of lifestyle modification, on oral antihyperglycemic agents, or on insulin. The definition on type of diabetes was carried out at individual centers based on doctors' clinical judgment. Hypertension was defined as having a history of hypertension either on or not on medication. Ethnicity was self-reported at study entry and was classified into Chinese, Malay, and Indian, as the major ethnic groups in Malaysia for the present study. Measurement of FBG, RBG, HbA 1c and fasting serum lipid profile was done as a routine monitoring in the health center. The definition of achievement to target for glycemic control, lipid profiles, and BP is according to the Malaysia Clinical Practice Guideline on Management of Type II Diabetes Mellitus (4th edition). 13 Targets for glycemic control were HbA 1c of less than 6.5%, FBG ≤ 6.1 mmol/L and nonfasting blood glucose ≤ 8 mmol/L. Targets for lipid profiles were Total-C ≤ 4.1 mmol/L, LDL-C ≤ 2.6 mmol/L, HCL-C ≥ 1.1 mmol/L, and TGs ≤ 1.7 mmol/L. 13 Control of BP is achieved if it is ≤130/80 mm Hg. 13 The target of achievement of body mass index (BMI) was <23kg/m 2 and waist circumference was categorized as achieving target if <90 cm and <80 cm for men and women, respectively. 16 
Statistical Method
The numerical variables were presented as mean and standard deviation, mean (SD), whereas categorical variables were presented as frequency and percentage, n (%). All the significant variables were tested using multivariate approach. Binary logistic regression was used to test associations of age, gender, ethnicity, duration of diabetes mellitus, and treatment toward achieving target of all clinical parameters. Additional control was done for antihypertensive drugs (1, 2, or 3 and more) for BP and lipid-lowering agents (statin, fibrate, or others) for Total-C. All predictors were tested simultaneously to determine contribution of ethnicity toward achieving target of each outcome after all the remaining predictors had been standardized from the analysis. The P value, OR, and 95% CI were reported to explain and compare between the strength of each ethnicity (Chinese and Indian) and the reference group (Malay) toward outcome (achieved target).
Missing values on some of demographic and clinical factors ranged between 15 and 115 data, not more than 1.1% of the total data set. In addition, up to 40.0% (range 19-4146 missing values) were observed in some of the cardiovascular risk factors data. These missing values were removed from the analysis, which was reflected by the differences in the denominator used for each analysis. All analyses were carried out using PASW 18.0 (IBM SPSS, Chicago, IL).
Results
A total of 70 889 patients with type 2 diabetes mellitus (T2DM) were notified to the ADCM online system from January 1, 2009, to December 31, 2009. After excluding other ethnic groups, 70 092 (98.9%) patients were available for analysis, out of which 59%were female. The study population included 62.6% Malay, 19.2% Chinese, and 18.2% Indian. The demographics and clinical characteristics of the patients are summarized in Table 1 . The mean (SD) age of T2D patients was 58.3 years (11.3) with the majority (18.5%) aged between 55 and 59 years. The mean (SD) age at diagnosis was 52.3 years (11.1). The Chinese patients were much older and had a longer duration of diabetes, whereas the Indian patients were diagnosed to have diabetes at a much younger age. There were more Malay females with diabetes compared with Malay males, whereas for the other ethnic groups the proportions among the genders were almost equal. Majority of the patients received oral antihyperglycemic agents. With regard to insulin treatment, a larger proportion of Indians (22.4%) were on insulin, followed by the Chinese (13.4%) and the Malays (11.3%).
As shown in Table 2 , a higher proportion of the Chinese achieved the target of control for all parameters when compared with the Malays. Compared with the Indians, the Chinese were also found to have higher proportions of those who achieved the target of control for most of the parameters, except for hypertension and TG levels. Malays were found to have the lowest proportion of those who achieved the target of control for most parameters, including BMI, BP, Total-C, TGs, LDL-C, FBG, and RBG. Higher proportion of Indians had poor achievement of target control for waist circumference and HDL-C as compared with the other two ethnic groups. Table 3 summarized the contribution of ethnicity toward achieving target control of various cardiovascular risk factors with the Malays as the reference group. The Malays had the worst achievement of target control for most of the risk factors, namely, BMI; BP; glycemia control-HbA 1C , FBG, and RBG; and lipid profile-Total-C, TG, and LDL-C. Compared with the Malays, the Chinese were more likely to achieve target control for most of the risk factors including the following: BMI (OR = 1.3, 95% CI = 1.2-1.4), BP (OR = 1.3, 95% CI = 1.3-1.4), Total-C (OR = 1.7, 95% CI = 1.6-1.8), LDL-C (OR = 1.7, 95% CI = 1.6-1.8), HbA 1c (OR = 1.4, 95% CI = 1.3-1.4) and FBG (OR = 1.4, 95% CI = 1.3-1.5). Indians attained better target control for BP (OR = 1.5, 95% CI = 1.4-1.6), Total-C (OR = 1.8, 95% CI = 1.7-1.9), and TG (OR = 1.4, 95% CI = 1.4-1.5). However, they had the poorest achievement of control for waist circumference (OR = 0.6, 95% CI = 0.6-0.7) and HDL (OR = 0.5, 95% CI = 0.4-0.5). The likelihood of achieving target control for HbA 1c was similar for both Indian and Malays.
Discussion
The proportion of Malays in this study population was almost similar to the Malaysian national population distribution 11 ; however, there was a higher proportion of Indians. This is in concordance with the National Health and Morbidity Survey 2006, which reported that Indians had the highest prevalence rate of diabetes at 19.9%. 2, 17 Other studies have also shown Indians to have higher prevalence of diabetes as compared with Chinese and Malays both locally and in Singapore. 18, 19 Overweight and increased waist circumference increased the risk of diabetes. 20 In our study, it was shown that these risks continued to be a difficult parameter to control as more than twothird of diabetes patients in these three ethnic groups could not achieve the recommended target control. Local studies have shown that Malays record the highest mean BMI in T2DM. 21 This was also illustrated by our study findings in which the proportion of Malays not achieving the target control for BMI was the highest. Indians were reported to have highest prevalence of abdominal obesity (waist circumference over target limit) in The Third National Health and Morbidity Survey 2006. 2 In our study, Indians were also found to be the group with the highest proportion not achieving target control for waist circumference. In Malaysia, the prevalence of hypertension was similar in Malays and Chinese but lower in Indians. 2 In this study, the achievement of controlled target for BP was poorest among Malays and best among Indians. A study in Singapore on elderly population also reported poorer control of hypertension among Malays. 22 These differences could be related to either the interplay of factors between ethnicity and health behavior or ethnicity and genetic factors related to drug metabolism. In the United States, 2 studies supported the genetic theory as they found that African Americans and Mexican Americans who were treated for hypertension were less likely to achieve BP control than whites after adjustment for sociodemographics, clinical characteristics, and health behavior. 23, 24 Increasing evidence revealed differences between ethnic groups in drug responsiveness do exist because of differences in drug metabolism. This would explain the differences in achieving targeted control of cardiovascular risk factors such as BP. 25 Dyslipidemia is a common risk factor coexisting with T2DM. 21 Malays showed the highest proportion of patients not achieving the target control of Total-C, TG, and LDL-C, whereas Indians were the poorest in HDL-C control. A previous local study had reported that Malays had the highest LDL-C, lowest HDL-C, and highest TG levels. In addition, ethnicity was a major determinant of Total-C, LDL-C, and HDL-C in T2DM. This may partly be explained by the differences in lipid control among these 3 ethnic groups. 21 Other explanations could be lifestylerelated, including eating patterns, dietary intake (as food intake is a form of behavior), and the type of food consumed. 26 Furthermore, the interaction between genetic and dietary factors may also be affecting the differences in the lipid profiles among different ethnic groups. 27 In terms of glycemic control, the Malays showed the poorest achievement of target control for HbA 1c , FBG, and RBG as compared with Chinese. This is in congruence with other studies in Malaysia and Singapore. 28, 29 Lifestyle differences between the ethnic groups may have contributed to the differences of the glycemic control among the ethnic as suggested by the study in Singapore. 29 Although highest proportion of Indians were on either insulin alone or insulin with combination of oral antihyperglycemic agents, Indians showed similar achievement of control of HbA 1c as Malays of whom a much lower proportion were on insulin treatment. This could be related to higher insulin resistance among the Indians. 30 Indians were found to have higher prevalence of coronary arteries diseases 31 and cardiovascular death. 8, 31 The poorer control of HDL-C and waist circumference among Indians as found in our study may be the most important contributing factors for cardiovascular morbidity and mortality. Further studies are needed to explore the importance of contribution of each cardiovascular risk factor toward cardiovascular morbidity and mortality. Data on higher cardiovascular morbidity and mortality are from general population-based studies that include nondiabetic patients. 8, 31 Though in our study we found that in diabetes patients, Malays have poorest control of the cardiovascular risk parameters, we are not sure whether Malays with diabetes have poorest prognosis in cardiovascular outcome.
Overall in this study, the Malays had poorer control for most of the risk factors. Current body of evidence has shown that ethnicity was more of a surrogate determinant of the complex sociocultural background of the diabetic patient. 9, 10 In Malaysia, there are few financial barriers for any ethnic group to access primary care clinics in public sector as these clinics are highly subsidized and are available to all. Lifestyle factors such as physical activity also do not provide convincing explanations, as National Health Survey data 2 indicated that the Malays are physically the most active and Chinese the least so. Ethnic differences in control of diabetes and cardiovascular risk factors could also be affected by factors not captured in this study, such as socioeconomic status, 32 availability of health care facilities, 28 genetics, and insulin sensitivity, 33 among others. Furthermore, other sociocultural and psychobehavioral factors such as diet habits, economic status, religion and cultural beliefs, doctors, and health centre organization factors may influence on the control of diabetes mellitus. 9, 34 This study has 2 strengths: (1) largest data set of diabetic patients in the country and (2) largest data set comprising the Malay ethnic group in the world. This big sample enabled a more precise estimation of associations between ethnicity and achievements of target control for 10 cardiovascular risk factors among diabetic patients. Some common limitations inherent in patient registries that are found in this study include missing data and availability of data for analysis. Second, data on some blood results were taken within the past 1 year rather than past 3 months because of the local practice of performing the test annually. Finally, there were no data on the socioeconomic background, adherence to treatment, and cardiovascular outcome, which would have been useful for further analysis.
Conclusions
This study illustrated that ethnicity directly contributed toward the achievement of targeted control levels of most cardiovascular risk factors. Malays had poorer control for most of the risk factors especially in lipid control. This subpopulation was at higher risk for diabetes complications and in need of appropriate prioritized medical care. In addition, ethnicity factors need to be addressed especially in designing a clinical trial study. This is important to assure the validity of the results, especially in trials that involve interventional studies. We recommend that further studies look into sociocultural and psychobehavioral aspects of this high-risk ethnic group in order to customize more effective diabetes care.
